• Large quantity of samples can be used to measure moisture content at a time. • The moisture meter was developed by designing an integrated circuit and it is interfaced with PC. • The parallel plate sensor technique used to measure the capacitance is highly accurate. • The error was corrected using Matlab program.
INTRODUCTION
In India, agriculture is a main source of income. For storage of agricultural products like paddy, wheat and nuts the moisture content (MC) is a factor, critical to its shelf life. The MC in food grains should be known by the farmers for their processing, trading and storage, else fungi affect the grains. The affected grains become unusable [1, 2] . During the time of harvesting, the water content in grains will be approximately 20% -40%, which has to be reduced to 10% -13% for storing, processing and trading [3] . The direct or indirect method can be used to measure the MC. In direct technique MC is calculated using the equation (1) Dry basis % MC = 
Time consumption and complexity are more for the direct process, as the water content of samples has to be removed completely to find the weight of dry samples. In the indirect technique any of the physical property having relation with moisture is measured and moisture content is calculated. For example the resistance of the grain as a physical property which has the relation with moisture, the moisture content will be less as the resistance increases.
In the beginning of 20 th century capacitive type moisture meters were used to measure moisture. Later the electrical grain moisture meters were developed [4, 5, 6] . In electric resistance method when current is passed through the samples (soil & wheat) whose MC have to be measured, samples got cracked and were wasted. The advantage of this technique was its low cost [7, 8, 9, 10, 11] . With the concept of dielectric property, grain moisture meter was developed. Rice and barley were the samples tested. At high frequency calibration variation happens due to ionic conduction and in low frequency variation in calibration is not accountable. So microwave signals with moisture density and attenuation at 10.5 GHz was used to measure the MC [9] . The double capacitor cell with immersion method as the principle, the dielectric constant of twelve grains like rice, soybean, wheat, linseed, paddy, mustard in the frequency range 200 Hz to 2 KHz were measured [12] . The electrical spectroscopy was used to measure the MC of tea leaves. The capacitance and impedance were measured for the range of frequency from 10 Hz to 1 MHz [13] . By measuring the magnetic strength produced by samples, MC was measured [14] . It is clear that at any designed frequency the MC can be obtained accurately. The main disadvantage was that only few quantities of samples were used at a time to measure moisture content. MC was measured for different types of wheat, nuts, grains, inshell peanut, wood chips, dry cherries by Chari V Kandala. Initially RF impedance method was used to measure the MC [3, 15] . Later he developed CI (Chari Impedance) meter and calculated impedance and phase angle from the observed values em1, er1, and ep1 where er1 is the actual input voltage, em1 is the output voltage after passing through samples, ep1 is the output voltage of phase detector. The impedance and phase angle were substituted in empirical formula and MC was calculated [1, 2, 3, 16, 17, 18, 19] . With slightly modified empirical formula, oil content in peanut kernels was also measured using same experiment at different frequencies and compared with Soxhlet result [20] . By using electrical or magnetic properties of food grains many indirect and non-destructive techniques for measuring MC have been developed over last few decades. Most of the techniques developed to calculate the content of moisture were complex, time consuming and could be used only for few grams as samples.
In this paper a novel technique has been used to measure the moisture content. The moisture meter was developed by designing an integrated circuit and it is interfaced with PC. The capacitance of paddy was measured using the circuit which helped to calculate dielectric constant of the grains. Larger the value of relative permittivity, the MC is more but the increase is not uniform for all the food commodities [21] . Since this method is a non-destructive technique, no labour is required to clean and crush. The method developed is very simple to measure the MC, requires less time and it is very economic. Large quantity of samples can be used to measure moisture content at a time. The comparative study of all the above method is also analysed [22, 23, 24 ].
METHODOLOGY

Calibration and Testing
Moisture meter is an impedance converter made of evaluation board of AD 5933 with voltage follower and non inverting amplifier in which frequency sweep can be done efficiently. The evaluation board is interfaced with PC. Initially, calibration of the meter was done with feedback resistor and calculated resistor which are obtained using (2) and (3)
VDD is the biasing voltage and VPK is the peak voltage Setting of − and gain is done in the display screen of user interface.
= 906298.9667Ω ≈ 1M Ω. The maximum range of impedance, Zmax or maximum reactance is calculated for the capacitor value of 2 pF. The minimum range of impedance, Zmin or minimum reactance is for capacitor value of 100 pF. Assuming capacitance can be varied from 2 to 80 pF. For the values of resistors Rfb and Rcal the frequency sweep can be done from 30 KHz to 1 MHz. The block diagram and the circuit diagram of the moisture meter are shown in Figure 1 (a) and Figure 1 (b) respectively. It was used to measure the ceramic capacitors of value 10 pF, 22 pF, 27 pF, 47 pF and 3.9 pF and few set of readings are tabulated in Table 1 . The voltage divider resistors, R = 50 KΩ, R1 =20 KΩ and capacitor, C = 47 nF. The operational amplifier used is CMOS. The reading shows that the degree of accuracy of the moisture meter is high and can be used to measure the capacitance of paddy. Here the frequencies swept were from 30 KHz to 50 KHz and the impedances were measured and noted ten set of such readings. From the value of impedance, capacitor values were calculated using the equation (4) or (5)
Figure 1(a). Block Diagram to Measure the Capacitor Value
All the value indicates that moisture meter has high degree of accuracy. The readings were taken and graphs were plotted for different frequencies versus different ceramic capacitor values and are shown in Figure 2 .
The graph clearly indicates that capacitor value remains constant for different frequencies. The meter is efficient for a frequency range 30 KHz to 50 KHz. The moisture meter can be used to measure the capacitance of paddy or any food grains. 2 . The graph between different ceramic capacitor value and frequency
Parallel Plate Sensor
To measure the MC of paddy, sample holder is required to place the samples. The parallel plate sensor technique used to measure the capacitance is highly accurate. A rectangular glass tube of wall-thickness 5 cm is used as holder for the sample. The rectangular face is of the size 10.8 cm long and 15.8 cm wide. The base of the rectangular glass tube is of the size 5 cm×15.8 cm. The two parallel plates rectangular electrodes of the size 10.8 cm long and 15.8 cm wide are placed internally on the faces of the rectangular box and it forms the two sides of parallel plate sensor. The distance between two parallel plate electrodes is 5 cm. The parallel plate sensor is shown in Figure 3 . The two electrodes which are opposite faces of the parallel plate container are blue in colour and capacitance was calculated using the formula (6) . 
The capacitance of parallel plate sensor was also measured using the moisture meter and readings are tabulated in Table 2 .
cm
cm 5 cm
SAMPLE PREPARATION
Paddy being the most important crop in Kerala, India the samples used is paddy of different moisture content collected from the Palakkad district, Kerala. Paddy of three different moisture contents were considered as samples -sun dried paddy, moist paddy and oven dried paddy. The arrangement to measure the impedance consists of a PC for interfacing, evaluation board, bread broad where the calibration elements are placed and the parallel plate sensor to place the paddy. The arrangement is shown in Figure 4 .
Sun Dried Paddy
After harvesting the paddy from field, it was placed on direct sun for four hours from morning 10 am to 2 pm at atmospheric temperature of 29 0 C. This sun dried paddy was placed in parallel plate sensor and the impedance was measured using the arrangement as in Figure 4 . Weight was measured using the weighing machine and found to be 323.5 grams. The impedance of oven dried paddy is tabulated in Table 2 .
Moist Paddy
Impedance value of fresh harvested paddy without drying was measured using the same arrangement and readings obtained during the experiment are tabulated in Table 2 . The readings indicate that capacitor value is increasing with increase in moisture. The weight of moist paddy was also noted and it was 350 grams.
Oven Dried Paddy
The paddy sample was heated in micro oven for 30 minutes at 180 0 C and removed the complete moisture. The impedance of oven dried paddy sample was measured using the same arrangement as in Figure 4 . The weight of oven dried paddy was 299 grams. The readings shows that MC is less as capacitor value obtained is less compared to sun dried and fresh paddy. The readings obtained when the sun dried paddy was placed in the sample holder are in Table 2 . The capacitance of empty parallel plate sensor, moist paddy, sun dried paddy and oven heated paddy are calculated using the equation (5)
RESULTS
The circuit was tested by measuring the capacitance of different ceramic capacitors. The readings obtained are tabulated in Table 1 and graph of ceramic capacitors are shown in Figure 1 which shows the values of ceramic capacitors remain constant. Table 2 shows the capacitance values of paddy samples with different MC. The result obtained by conducting the experiment shows that the capacitance value is larger for the paddy having more moisture content. The variation of capacitor value of different paddy samples with frequency is as shown in Figure 5 . The capacitance of paddy having different moisture content remains constant.
The dielectric constant of sun dried paddy, moist paddy and oven dried paddy can be calculated. The ideal value of relative permittivity and capacitance of parallel plate sensor without samples is, ε r1 =1 and C1 = 3.28 pF.
Figure 5. Variation of Capacitor Value for Different Paddy Samples
Let C2 be the capacitance of sun dried paddy then εr2 can be obtained by dividing equation (7) by (C1) or by empty parallel plate sensor. Similarly the relative permittivity of moist paddy and oven dried paddy can be calculated. Let 3 , ε r3 and 4 , ε r4 be the capacitance and relative permittivity of moist paddy and oven dried paddy respectively then εr3= 7.256 and εr4= 4.8. The relative permittivity is less for oven dried samples of paddy and it is maximum for moist paddy. The Figure 6 shows the variation of relative permittivity for different moisture content paddy. The relative permittivity is increasing with increase in the MC. The promising result is obtained from the test. The quantity of samples used in the moisture meter can be more and time taken to measure the MC is just few seconds.
Figure 6. Variation of Relative Permittivity for Different Moisture Content Paddy Samples
The % MC of moist paddy and sun dried paddy were calculated using the formula (8) and tabulated in Table 3 . The safe amount of % MC is 10% to 13%. In sun dried paddy % MC is less comparing to moist paddy, but for safe storage it should be dried again and the water content has to be reduced.
% MC = (Capacitive value of wet sample -Capacitive value of dry Sample)
Capacitive value of wet sample (8) 
ERROR CORRECTION
A set of hundred readings are obtained using the circuit shown in Figure 1(b) and it is plotted. The graph of 10 pF is and its corrected data are shown in Figure 7 The programming in Matlab was done to high light the data obtained using the circuit and to do corrections to avoid small error present in the readings. The blue bubbles of each graph are raw data or readings obtained from the designed circuit. There are hundred readings obtained from the circuit. The red line indicate the corrected value.
DISCUSSION / CONCLUSIONS
The present climatic conditions of our country are unpredictable and are unfavorable for the cultivation of paddy due to global warming. Paddy has to be stored for long time for future use and trading. So it became necessary that MC of grains have to measure frequently. The humidity and temperature also plays an important role in the variation of MC. The preservation of paddy is very critical as the moisture present in it encourages fungi growth. When the grains have to be preserved for long time, moisture content of grains is an important factor to be considered. New and better technique using the designed integrated circuit which has been developed gives promising result for the measurement of moisture in paddy. The capacitance readings obtained using the designed circuit was almost constant and the small error in pico farads are corrected using Matlab programming. With the readings obtained from the circuit, % MC using the formula (8) was calculated. The technique can be used by any person and moisture content can be measured easily. The technique is accurate, simple and requires less time and it is more economy. The implementation cost is also affordable by the common farmers.
